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Abstract
This study investigates the application of ultrasound, especially the anteroposterior diameter of nodules in the malignancy and metastasis
risk assessment of papillary thyroid microcarcinoma through a retrospective analysis of 500 cases of thyroid nodule ultrasonography.
Weselected500patientswith thyroidnodules (maximumnodulediameter�2.0cm) that hadbeendiagnosedclinically andgradedTI-

RADS 4c by ultrasonography and surgically treated. Among these, there were 258 cases of pathologically diagnosed papillary thyroid
microcarcinoma, 72 cases of nodular goiter or adenoma, 137 cases of papillary thyroid carcinoma, 28 cases of acinar cell carcinoma,
and 5 cases of undifferentiated carcinoma. In all cases, color Doppler ultrasonography had been performed preoperatively to determine
the size and number of nodules, surrounding lymph nodemetastasis, and TI-RADS grading. Cases of papillary thyroidmicrocarcinoma
diagnosed by pathology were selected as the study group, and cases of nodular goiter or adenoma as the control group. Each group
was further subdivided based on the anteroposterior, vertical, and transverse nodule diameters. Intergroup statistical analysis was also
performed. Receiver operating characteristic (ROC) curve analysis was conducted on the study and control groups based on the
anteroposterior nodule diameters, and the optimal critical value formalignancy risk was determined. Thyroid nodules in the study group
were divided into groups based on the presence or absence of lymph nodemetastasis. Based on the anteroposterior nodule diameter,
ROC curve analysis was performed, and the optimal critical value for metastasis risk was determined.
There were 500 cases of malignant nodules diagnosed by ultrasound. Among these, there were 428 cases of malignant nodules

diagnosed by pathology. The coincidence rate of the ultrasound diagnosis with pathological diagnosis was 85.60%. While,
interestingly, There was a significant statistical difference between the study and control groups based on the anteroposterior nodule
diameter. When the anteroposterior nodule diameter was 0.7cm, sensitivity of malignant diagnosis was 76.70% and specificity of
that was 66.70%, and the Youden index was the highest. The lymph node metastasis rate for papillary thyroid microcarcinoma was
13.95%. Within this group, the lymph node metastasis rate for nodules ≥0.9cm (anteroposterior diameter) was 38.46%. When the
anteroposterior nodule diameter was equal to 0.9cm, sensitivity of diagnosis was 83.30%, and specificity of that was 77.80%, and
the Youden index was the highest.
The anteroposterior diameter of thyroid nodules is more suitable for assessing their malignancy with 0.7cm, which can be used as

the critical value. Nodules ≥ 0.7cm require surgical treatment, and those <0.7cm can be observed. An anteroposterior diameter of
0.9cm can be used as the critical value for assessing the metastasis risk of malignant thyroid nodules. During surgery, the dissection
of central cervical lymph nodes is required for nodules ≥0.9cm.

Abbreviations: AJCC = American Joint Committee on Cancer, PMC = papillary thyroid microcarcinoma, ROC = receiver
operating characteristic, SEER = Surveillance, Epidemiology and End Results Program, TI-RADS = Thyroid Imaging-Reporting And
Data System, WHO = World Health Organization.
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1. Introduction

Thyroid cancer is the most common malignancy of the endocrine
system. In recent years, its incidence has gradually increased,
attracting more attention from clinical physicians and research-
ers. The data from the United States National Cancer Institute’s
Surveillance, Epidemiology and End Results Program (SEER)
show that, from 1975 to date, the incidence of thyroid cancer has
been on the rise, and of all malignancies, it has the fastest rate of
increase.[1] Pathologically, this rise is mainly due to an increase in
papillary carcinoma, and the greatest increase, based on
pathologic staging, is in papillary microcarcinoma.[2] According
to the latest statistics from SEER, nearly 90% of cases of thyroid
cancer are papillary carcinoma.[3] Therefore, studies on papillary
thyroid microcarcinoma are particularly important. In addition,
microcarcinoma accounts for 30% to 70% of cervical lymph
nodemetastasis.[4–6] Some patients with microcarcinoma develop
early local recurrence after surgery, or even show distant
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metastasis to the lung or bone at presentation. Therefore, this
study mainly focuses on papillary thyroid microcarcinoma,
exploring the value of ultrasound in its risk assessment to provide
a theoretical basis for clinical diagnosis and treatment.
Papillary thyroid microcarcinoma (PMC) is defined by the

World Health Organization (WHO) as papillary thyroid
carcinoma that is <1cm in the maximum diameter of the
lesion.[9,10] However, in the 2004 edition of Pathology and
Genetics of Tumours of Endocrine Organs by the WHO,
microcarcinoma is regarded as a subtype of thyroid cancer, and
thyroid microcarcinoma is referred to specifically as papillary
thyroid microcarcinoma. Therefore, thyroid microcarcinoma in
this study is papillary thyroid microcarcinoma.
Table 1

Based on the vertical diameter of thyroid nodules.

Group Malignant (n) Benign (n)

<5 12 6
5–6 12 0
6–7 30 6
7–8 16 12
8–9 54 24
9–10 18 12
10–11 24 6
11–12 42 6
12–13 6 0
13–14 12 0
14–15 6 0
15–16 6 0
16–17 18 0
≥17 0 0
2. Materials and methods

2.1. Study subjects

We selected 463 patients from our hospital who had undergone
thyroid nodule surgery between January 2012 and October 2015
and who had nodules �2.0cm in maximum diameter with a
preoperative ultrasound diagnostic classification of TI-RADS4C.
The patients ranged between 14 and 78 years of age, with a mean
age of (35.6±2.8 years), including 369 females and 94 males.
Among the 500 cases of thyroid nodules, there were 258 cases of
pathologically diagnosed papillary microcarcinoma, 72 cases of
nodular goiter or adenoma, 137 cases of papillary carcinoma,
28 cases of acinar cell carcinoma, and 5 cases of undifferentiated
carcinoma. Of the papillary microcarcinoma cases, there were 190
cases of solitary nodules, 25 cases of 2 nodules, 6 cases of 3 nodules,
and no cases with more than 4 nodules. In cases with multiple
nodules, 27were bilateral, and 4were unilateral; 12 cases had level
IV and 24 cases had level VI cervical lymph nodemetastasis. There
were12caseswithamaximumnodulediameter<0.5cm,132cases
with amaximumdiameter 0.5 to 1.0cm, 90 caseswith amaximum
diameter 1.0 to 1.5cm, and 24 cases with a maximum diameter
1.5 to 2.0cm. No patients had any surgical contraindications. The
study protocol was approved by the Ethics Committee of China
Medical University. Written informed consent was obtained from
all the participants involved in the study.

2.2. Equipment and methods

The SuperSonic Imagine Aixplorer model color Doppler
ultrasound scanner (SuperSonic Imagine, Aix-en-Provence,
France), with a transducer frequency of 4 to 15MHz, was used.
Patients were scanned in the supine position for thyroid nodules
to determine the definitive size, number, border, shape, internal
echogenicity, blood flow, presence or absence of calcification and
a halo, aspect ratio of >1 or not, presence or absence of
attenuation, and surrounding lymph node metastasis. Addition-
ally, TI-RADS grading was performed. All of the cases were
graded TI-RADS4C. After surgery, thyroid nodules were sent for
pathological diagnosis.
For malignancy risk assessment, papillary thyroid micro-

carcinoma was selected as the study group, and nodular goiter or
adenoma as the control group. Each group was further
subdivided respectively, based on the anteroposterior, transverse,
and vertical nodule diameters. Intergroup statistical analysis was
performed to verify which diameter would bemore representative
of the malignancy risk of nodules.
The range of anteroposterior nodule diameters for the study

group was 0.34 to 1.17cm, and the range for the control group
was 0.31 to 0.89cm. Based on the anteroposterior nodule
2

diameter grouping, receiver operating characteristic (ROC) curve
analysis was performed, revealing the optimal critical value for
malignancy risk.
For metastasis risk assessment, papillary microcarcinoma with

lymph node metastasis was selected as the study group. The
control group was papillary microcarcinoma without lymph
node metastasis. Based on the anteroposterior nodule diameter
grouping, ROC curve analysis was performed, revealing the
optimal critical value for metastasis risk. Each patient was tested
using the same method. Two associate (or higher-level) clinical
professors completed all the tests together. In cases with dispute,
an agreement would be reached after discussion.
2.3. Statistical analysis

SPSS 17.0 statistical analysis software was used andmeasurement
datawere indicated as (mean± standard deviation). Comparisons
between thyroid nodule diameter groups were performed using
the t-test. The optimal critical value of malignancy risk was
determined by plotting the ROC curve, calculating the area (Az)
under the ROC curve, selecting the highest and most posterior
point on the curve, then calculating the Youden index and
selecting its maximum point of tangency as the critical value,
based on the sensitivity and specificity of each possible point of
tangency in the statistical result. The optimal critical value of the
metastasis risk was determined in the same manner as above.

3. Results

We diagnosed 500 cases of malignant thyroid nodules by color
Doppler ultrasound. Among these, 428 cases were malignant
thyroid nodules and 72 cases were benign by pathology. The
accuracy rate ofmalignant thyroid nodule diagnosis by ultrasound
was 85.60%. Among the malignant thyroid nodules with
pathological diagnosis, there were 258 cases of papillary micro-
carcinoma, 137cases of papillary carcinoma, 28 cases of acinar cell
carcinoma, and 5 cases of undifferentiated carcinoma. Papillary
microcarcinoma accounted for 60.28% of malignant nodules.
3.1. Malignancy risk assessment

Excluding cases of papillary thyroid carcinoma, acinar cell
carcinoma, and undifferentiated carcinoma, grouping statistical
analysis was conducted for the remaining 330 cases, based on the
vertical (Table 1), anteroposterior (Table 2), and transverse



Table 2

Bsaed on the anteroposterior diameter of thyroid nodules.

Group Malignant (n) Benign (n)

<5 6 12
5–6 6 0
6–7 48 36
7–8 72 6
8–9 48 18
9–10 30 0
10–11 30 0
11–12 18 0
12–13 0 0
13–14 0 0
14–15 0 0
15–16 0 0
16–17 0 0
≥17 0 0

Table 3

Based on the transverse diameter of thyroid nodules.

Group Malignant (n) Benign (n)

<5 12 12
5–6 48 36
6–7 72 6
7–8 48 18
8–9 30 0
9–10 30 0
10–11 18 0
11–12 0 0
12–13 0 0
13–14 0 0
14–15 0 0
15–16 0 0
16–17 0 0
≥17 0 0

Figure 2. Papillary thyroid microcarcinoma shown in pathology. The max
diameter of cancer nest was about 0.5cm.

Figure 3. Ultrasound showing nodule size 0.71�0.69cm.

Huang et al. Medicine (2018) 97:10 www.md-journal.com
(Table 3) nodule diameters, respectively. There was a statistically
significant difference (P< .001) between groupings by antero-
posterior nodule diameter. Therefore, we believe the anteropos-
terior diameter of thyroid nodules was amore suitable assessment
indicator for thyroid nodule malignancy (Figs. 1–6).
Figure 1. Ultrasound showing nodule size 0.62�0.78cm. Figure 4. Nodular goiter shown in pathology.
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Figure 5. Ultrasound showing nodule size 1.06�0.91cm.

Figure 7. Determination of the optimal critical value for malignancy risk. When
the anteroposterior nodule diameter was equal to 0.7cm, sensitivity of
malignant diagnosis was 76.70%, specificity of that was 66.70%.
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3.2. Determination of the optimal critical value for
malignancy risk

Based on theROCcurve, when the anteroposterior nodule diameter
was equal to 0.7cm, sensitivity ofmalignant diagnosiswas 76.70%,
specificity of that was 66.70%, and the Youden index was 43.4 as
the highest. Therefore, a diameter of 0.7cm could be used as the
optimal critical value for malignancy risk assessment for thyroid
nodules. Nodules ≥0.7cm have a high degree of malignancy.
Nodules < 0.7cm have a low degree of malignancy (Fig. 7).

3.3. Metastasis risk assessment

Among the 258 cases of papillary thyroid microcarcinoma, there
were 36 with lymph node metastasis. The lymph node metastasis
rate for papillary thyroid microcarcinoma was 13.95%.The
metastasis rate for nodules ≥0.9cm was 38.46%.
3.4. Determination of the optimal critical value for
metastasis risk

Based on the ROC curve, when the anteroposterior nodule
diameter was equal to 0.9cm, sensitivity of metastasis diagnosis
Figure 6. Papillary thyroid microcarcinoma with lymph node metastasis,
shown in pathology. The max diameter of cancer nest was about 0.9cm.

4

was 83.30%, specificity of that was 77.80%, and the Youden
index was 61.1 as the highest. Therefore, an anteroposterior
nodule diameter of 0.9cm could be used as the optimal critical
value for metastasis risk of thyroid nodules. Nodules ≥0.9cm
have a higher degree of metastasis. Nodules<0.9cm do not have
a high degree of metastasis (Fig. 8).

4. Discussion

Papillary thyroid microcarcinoma progresses rapidly, but
internationally, there exists considerable controversy regarding
whether to perform prophylactic central lymph node dissection
for this cancer.[11] Proponents believe that papillary thyroid
Figure 8. Determination of optimal critical value for metastasis risk. When the
anteroposterior nodule diameter was equal to 0.9cm, sensitivity of metastasis
diagnosis was 83.30%, specificity of that was 77.80%.
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microcarcinomas with tumor diameters >0.5cm have signifi-
cantly higher rates of central lymph node metastasis,[12] and are
often multifocal (35%). Studies have shown that most multifocal
cancers have a higher rate of metastasis to central lymph
nodes,[13] which can be as high as 38.1% to 42%. A number of
other studies have shown that prophylactic central lymphadenec-
tomy can reduce the recurrence rate of thyroid cancer.[14]

However, other scholars believe that prophylactic central
lymphadenectomy may lead to temporary or permanent
recurrent laryngeal nerve injury, and increase the risk of
hypoparathyroidism.[15,16] The diagnosis of tumors >0.5mm
in diameter requires pathological evaluation. If an accurate
diagnosis can be made before surgery, providers will then be able
to select a reasonable surgical approach, avoiding the debate of
whether to perform prophylactic central lymph node dissection.
Therefore, preoperative determination of the characteristics and
the metastasis risk of thyroid nodules is imperative.
This study firstly selected 500 cases of thyroid nodules, and

their inclusion criterion was a maximum diameter of �2cm by
ultrasound. The reason for this is that our study mainly examined
the risk assessment of malignancy and metastasis of lesser
tubercle of thyroid, though there is no clear conception for the
definition of small nodules. However, thyroid microcarcinoma is
defined as cancer nests with a maximum diameter of <1cm,[17]

and hence some of the nodules would be >1cm in maximum
diameter. This is because tissue hyperplasia and inflammation
take place around cancer nests, resulting in indistinct borders.
Ultrasound cannot definitively distinguish the cancer nest from
the surrounding tissue hyperplasia and inflammation, leading to
imaging findings of nodules >1cm in maximum diameter.
Therefore, it was not possible to solely select nodules with a
maximum diameter of <1cm, as many cases could be missed in
this manner. The upper limit was determined mainly by reference
to the TNM Classification for Thyroid Cancer, 7th Edition
(2010), by the American Joint Committee on Cancer (AJCC). In
the TNM classification, class T1 is the mildest tumor, limited to
the thyroid, with a maximum diameter �2cm. Based on these
considerations, our study enrolled patients with a maximum
nodule diameter �2cm as the standard.
The nodules included in this study were grouped by maximum

diameter. However, the direction of the maximum diameter was
unclear, since there were vertical, anteroposterior, and transverse
diameters, among which most were vertical. This multidirection-
al nature without a uniform standard caused some confusion. To
further examine the malignancy risk of the nodules, a unified
standard was necessary. To this aim, we divided the nodules into
groups based on the above diameters, and then made intergroup
comparisons. As a statistical difference of the anteroposterior
diameter of the nodules was found between groups, we selected it
as the standard for the malignancy risk assessment of nodules.
The reason for the statistical difference in the anteroposterior
nodule diameter is mainly due to its growth pattern, where the
growth of tumor cells is arranged longitudinally. The tumor cells
in the anteroposterior direction are in mitotic division during the
early phase of thyroid cancer, but the cells in other directions
are in the resting stage during the same phase. This leads to the
relatively larger anteroposterior tumor diameter compared to
transverse and vertical ones, which is a completely different
growth pattern from benign nodules.[18]

This study concludes that an anteroposterior nodule diameter of
0.7cm can be used as the optimal critical value for assessing the
degree of malignancy of thyroid nodules. The main reason is that
malignant nodules have to grow to a certain extent for malignant
5

signs perceptible on imaging to be detectable by ultrasound. A
diameter of 0.7cm is an appropriate critical value. Guidelines in
other countries state that only nodules> 1.0cm in diameter may be
resected. However, in China, we find that malignant nodules >0.5
cm in diameter may be resected.[14] It appears obvious that the
criteria for resection are more liberal and loose in China, with the
result that many benign nodules have unintentionally been resected,
subsequently leading to unnecessary hypothyroidism in patients.
The criteria for resection are more stringent in other countries,
resulting in metastasis in some patients before surgery, and missing
of the optimal time for operation. Therefore, there is an urgent need
for an appropriate surgical standard to assess malignant thyroid
nodules, and a diameter of 0.7cm is a reasonable critical value.
Themain route of spread of papillary thyroidmicrocarcinoma is

cervical lymph node metastasis. In the early stages of disease
detection, the presence of associated cervical lymph node
metastasis is the most important indicator in assessing the
prognosis of patients. Numerous clinical trials have shown that
the risk of postoperative local recurrence and distal metastasis in
thyroid cancer patients with associated cervical lymph node
metastasis is 3 to 17 times that of patients without lymph node
metastasis.[6,19–23] Based on the characteristics of cervical lymph
node lymphatic flow and clinical observation, papillary carcinoma
locallymetastasizes to the central lymph nodes initially, then to the
lateral ones.[24] However, ultrasound is not sensitive in the
detection of central lymph node metastasis, detecting<10%. This
is mainly due to the location of the nodes as well as interference
from the trachea and pulsating vessels. Additionally, at present, it
has not been confirmed that central lymph nodes are the sentinel
lymphnodes for thyroid cancermetastasis. Upper-pole PMC in the
thyroid canmore easilymetastasize to levels IIa, IIb, and III, than to
the central region. Within the thyroid surgery community, there
continues to be great controversy regarding whether to perform
prophylactic central lymph node dissection during unilateral
thyroidectomy+isthmusectomy. Therefore, there are many rea-
sons for the urgent assessment of the metastasis risk for thyroid
cancers, the anteroposterior nodule diameter of 0.9cm precisely
provides a possible solution.This is becausemalignant nodules of a
diameter < 0.9cm have a nearly 0% rate of metastasis, and those
that are> 0.9cmhave a nearly 40%rate ofmetastasis. This further
indicates that 0.9cm is a reasonable critical value.
4.1. Limitations of this study

Due to fewer multinodular cases in this study, we did not
superimpose the diameters of multinodules. This caused the
anteroposterior diameter to be <0.6cm in some of the focal
nodules that also had metastasized. This deviates from the
conclusion of our study. In reports in domestic literature,
researchers found that the superimposed diameter of nodules that
are multifocal is an independent risk factor. Therefore, the follow-
up research to this studywill include the superimposed diameter of
multifocal nodules in a grouping for investigation. In addition, this
paper mainly studied the diameter of thyroid nodule while the
other characteristics such as echo, boundary, morphology, blood
flow and the calcification were not included. The reason is that the
diameter of the nodule of papillary thyroid microcarcinoma is so
small that the characteristics of echo, boundary, morphology and
the blood flow were not typical for research.
Overall, the establishment of the anteroposterior nodule

diameter provides a uniform standard for assessing the
malignancy of thyroid nodules. Nodule diameter is no longer
a confusing issue.
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The critical value of 0.7cm indicates that if the anteroposterior
diameter of a nodule is ≥0.7cm represents an increased degree of
malignancy and requires surgical resection. Thyroidectomy with
isthmusectomy is an option. Prophylactic central lymph node
dissection is unnecessary.
The critical value of 0.9cm indicates that if the anteroposterior

diameter of the nodule is >0.9cm, not only its degree of
malignancy is greatly increased, but its risk of metastasis is
significantly increased as well, and it requires surgical resection. If
ultrasound finds no lymph node metastasis, then thyroidectomy,
isthmusectomy, and central lymph node dissection will be
required. If ultrasound does detect lymph node metastasis, then
thyroidectomy, isthmusectomy, and standard central and/or
unilateral and/or bilateral cervical lymph node dissection will be
required.
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